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ABSTRACT

Vernonia amygdalina leaves are widely utilized as food additive and for many herbal preparations in Nigeria.
This study investigated the total phenols content and antioxidant properties of raw, processed and stored
Vernonia amygdalina leaves. Processing methods used in this study entailed sun drying and grating. Storage
conditions were in the open laboratory and at water activities (aw) of 0.23, 0.52 and 0.97. All storages were
carried out at ambient conditions and Storage duration was two months. All investigations carried out were in
accordance with standard methods. The results indicated that in raw Vernonia amygdalina leaves, the total
phenol content was 3.10£0.94mg/g and percentage antioxidant activity was 96.31+£2.05%. It was further
discernable from the results that processing and storage led to increases in total phenol contents, while there was
a reduction of percentage antioxidant activity. Statistically, the storage changes observed with phenol
determinations were at P<0.05 found to be significant. Furthermore, at P<0.05, the reduction in percentage
antioxidant activity following processing and storage were statistically significant. These findings would be
useful in the formulation of standard methods for the handling of Vernonia amygdalina leaves.
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INTRODUCTION hepatitis and other disorders that are spread through
Vernonia amygdalina is a perennial shrub sexual activity. According to Okunlola et al. (2019)
from Asteraceae family (Sunmonu et al., 2022). the roots and leaves of Vernonia amygdalina are
The leaves are commonly referred to as bitter used in traditional medicine to cure fever, hiccups
leaves. In Nigeria, the local names for Vernonia and renal issues. It is reported by Njan et al. (2008)
amygdalina as noted by Kokwaro (2009) are: that the Medical Traditional Healer Association in
Ewuro (Yoruba), Onugbu (lgho), Oriwo (Bini), Rukararwe, Uganda used Vernonia amygdalina to
Ityuna (Tiv language), Chusardoki or Fatefate produce greenish powder packed in sachet and
(Hausa language) and  Etidot  (Ibiobio). consumed as tea by patients suffering from malaria.
Furthermore, Kiguba et al. (2016) reported that Obviously, the pharmacological relevance of
Vernonia amygdalina in Uganda is called Mululiza Vernonia amygdalina cannot be over emphasized.
and Omubirizi, in Ethiopia it is called Ebichaa and Industrial ~ utilization of  Vernonia
in Ghana Vernonia amygdalina is called amygdalina is also been exploited. In particular,
Awonwono. The leaves of Vernonia amygdalina are some fish farmers in Nigeria use liquid extract
widely used for ethnomedicinal and food additive obtained from mashed and squeezed Vernonia
purposes in Nigeria. As noted by Jarmai et al. amygdalina leaves as antibacterial agent in their
(2022) Vernonia amygdalina has farvourable culture farms. Furthermore, Adama et al. (2011)
effects on health, which they attributed invariably, noted that the leaves of Vernonia amygdalina have
to its nutritional and phytochemical richness. Also, been used in place of hops in the beer-brewing
Ojimelukwe and Amaechi (2019) noted the sector. Additionally, Yeap et al. (2010) reported
presence of compounds with anticancer effects, that in Ethiopia, the honey wine called Tei is
antioxidant properties, antimalarial properties, anti- produced from bitter leaf. It is however imperative
inflammatory properties, anti-bacterial to mention that Ibrahim et al. (2009) posited that
characteristics and hypolipidemic benefits in the use of Vernonia amygdalina is dose-dependent
Vernonia amygdalina. The therapeutic utilization for successful results. There is therefore need for
of Vernonia amygdalina is well reported. continuous investigations of the phytoconstituents
Significantly, Igile et al. (1995) and Udochukwu et of Vernonia amygdalina, especially, with respect to
al. (2015) reported that a local infusion of the their responses to factors that could affect their
leaves or roots of the plant is used to treat level of occurrence in Vernonia amygdalina. The
microbiological infections, schistosomiasis, cough, latter remark formed the basis of this work.
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In Nigeria presently, Vernonia amygdalina leaves
are stored after sun drying. Though this practice
has helped sustained the availability of Vernonia
amygdalina leaves especially during the dry season
the aforementioned processing method and storage
handling is unstandardized. There is need for
standardization of the processing and storage
handling of Vernonia amygdalina leaves, if
considered from the point of view of safety and
quality. It is imperative to mention that in its sun
dried form, Vernonia amygdalina leaves are
transported to wider locations. This makes it highly
imperative for scientific documentations with
respect to the effects of processing and storage on
the compositional chemistry of processed and
stored Vernonia amygdalina leaves to be well
established. However, it would appear presently,
that such documentations are scarce if any. There is
need to fill this gap in knowledge, considering the
high dependence on Vernonia amygdalina leaves
as both food material and for its therapeutic values.
Hence this study whose concern is to investigate in
part, the influence of processing and storage on the
total phenol and antioxidant properties of Vernonia
amygdalina leaves is considered relevant;
particularly, as diets are the main sources of human
exposure to both nutritional and toxicologically
relevant materials.

Total phenol and antioxidants could be
relevant in managing the undesirable oxidative
stress taking place in the human body. According
to Sharafati-Chaleshtori, et al. (2011) phenolic
compounds are a class of antioxidants, which act as
free radicals terminators. This is particularly
interesting as the reactive free radicals species have
been noted by Pamplona — Roger (2005) to foster
lipoprotein oxidation, arteriosclerosis, premature
cellular aging, and even carcinogenic mutations.
Furthermore, Solihab et al. (2012) also posited that
phenols give protection against cardiovascular
disease. Therefore, the less investigated total
phenols contents of Vernonia amygdalina leaves,
especially the aspects of their responses to
processing methods and storage conditions, are
worth investigating and reporting. Plant phenols
can protect against lipoprotein oxidation (Hollman,
2001). Additionally, plant phenols are group of
antioxidants that inhibit various stages of cancer
process (Wattenberg, 1992). The relevance of this
study can further be viewed from this perspective.
Storage conditions chosen for this study, will be in
the open laboratory with samples kept in both
opened and closed containers; as well as at separate
water activity (aw) of 0.23, 0.52 0.97. The concept
of water activity is nowadays universally adopted
by food scientists and technologists to quantify
availability (Coultate, 2002). Additionally, Belitz et
al. (2009) noted that the storage quality of food
does not depend on the water content, but on water
activity (aw). The work of some other researchers
(Acker 1969; Schoebel et al., 1969; Labuza et al.,
1970; Lajollo et al., 1971; Eichner and Karel 1972;

ISSN: 2276 — 707X, elSSN: 2384 — 6208

148

Edward and Dibie
Ukhun 1984; Ukhun 1986; Ukhun and Uwatse
1988; Ukhun, and Dibie 1989; Ukhun and Dibie
1991; Dibie and Ukhun 2019; Dibie and Ukhun
2019; Dibie and Ukhun 2019; Dibie and Ukhun
2020; Dibie and Ukhun 2020) have also shown that
food stability, safety and other properties can better
be predicted from ay than from water content.
Water activity in particular, plays central role in
food stability.

In this study spectrophotometric methods
were used to quantify total phenols and total
antioxidant properties of the samples. Furthermore,
data that was generated has been statistically
analyzed. Notably, aspects of descriptive statistical
evaluation of data and statistical evaluation of the
relation between variables (ANOVA) were carried
out. International Business Machine (IBM),
Statistical Package for Social Sciences (SPSS) was
used in statistical evaluation of data.

MATERIALS AND METHODS
Sample Collection

Vernonia amygdalina leaves used in this
study were obtained from a local farm in lyowa
town, via Benin City, Edo State.

Samples Inspection and Cleaning

The Vernonia amygdalina leaves were
pretreated to free them from various forms of
contaminants. In particular, they were those free
from viral, bacteria or fungal infection. Also,
contaminating plants and/or plants parts were
identified and removed. Clearly in this study, only
healthy Vernonia amygdalina leaves were used.

Samples Preparation

Fresh Vernonia amygdalina leaves were
sun dried to constant weight and grated using Black
and Decker 650W, BX550 blender. Subsequently,
the grated samples were sieved, with the aid of a 16
— mesh standard sieve (Pascall Eng. Co. Ltd.
Sussex, England).

Samples Storage

Air tight desiccators wherein a, of 0.23,
0.52 and 0.97 were established in accordance with
the method prescribed by Rockland (1960) were
initially prepared. Subsequently, three hundred
grams of sun dried and grated Vernonia
amygdalina leaves were weighed in triplicates into
different 500ml glass beakers (Pyrex glass), and
kept in the separate air tight desiccators. Samples
were stored for 2 months, and on monthly basis,
they were investigated for the examined
parameters. All the storage desiccators were kept
on laboratory bench at ambient conditions.

Determination of Total Phenols Content

Total phenol was determined
spectrophotometrically by the Folin — Ciocalteau
method as described by Kujala et al. (2000), in
which to 1ml of methanolic extract of sample and
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standards (gallic acid solutions of concentration: 1,
2, 3, 4,5, 6,7 8 9 and 10mg/l prepared by
dissolving gallic acid in a 1:1, v/v mixture of
methanol: water) in separate test tubes, were added
5ml each of Folin—Ciocalteau reagent (1:10
dilution with distilled water) and thoroughly mixed.
Thereafter, 4ml of 1M Na,CO3 was added to each
of the test tubes and again, thoroughly mixed.
Subsequently, the solution was allowed to stand for
30min in the dark at room temperature. Blank was
also prepared. This was followed by absorbance
reading at 765nm, using Uvlvisible
spectrophotometer  (Jenway  spectrophotometer,
6715 Uvlvis). The total phenol content was
calculated from the standard graph of gallic acid,
and the results were expressed as gallic acid
equivalent (mg/g), which is a common reference
compound.

Determination of Total Antioxidant Activity

The free radical scavenging activity of the
extracts was determined, using the 1, 1-diphenyl—
1-picrylhydrazyl (DPPH) assay, in accordance
with the method described by Liyana-Pathiranan,
and Shahidi (2005). Ascorbic acid and gallic acid
were used as reference standards and were
dissolved in methanol. The concentration of test
extract and standards used for the determination
was 250ug/ml, obtained by serial dilution. To each
of separate 2.5ml of methanolic plant extracts and
standards in different test tubes were added 1.0ml
of freshly prepared DPPH solution (5.9mg/100ml
methanol). Thereafter, the respective reaction
mixtures were incubated in the dark at room
temperature for 30mins.  Subsequently, the
absorbance of the respective reaction mixtures was
read at 517nm, using Uv-Visible
spectrophotometer (Jenway spectrophotometer,
6715 Uv-Visible). Measurements were carried out
in triplicates. A lowered absorbance value (greater
discolouration) indicated higher radical scavenging
activity. The percentage antioxidant activity was
calculated, using equation 1.

% Antioxidant Activity = 100 — (%)

100 @)

Methanol was used as the blank.

Abs control = absorbance of DPPH radical +
methanol.
Abs sample = absorbance of DPPH radical +

sample extract.

The positive controls were the values
obtained with the reference standards (ascorbic acid
and gallic acids). The obtained percent antioxidant
activity of the respective test extracts were
compared with the positive control.
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RESULTS AND DISCUSSION

Results for Quantitative Determination of Total
Phenols

Results for quantitative determination of total
phenols in raw, sun dried, grated and stored
Vernonia amygdalina leaves are presented in Table
1. Findings indicate the presence of phenols in raw,
processed and stored Vernonia amygdalina leaves.
The reported occurrence of phenols in Vernonia
amygdalina leaves as findings in this work indicate
is consistent with the findings of Inusa et al.
(2018). Some researchers including Luo et al.
(2017); Ali et al. (2019); and Edo et al. (2023) in
their works, also reported the occurrence of
phenols in the Vernonia amygdalina leaves
samples they investigated. It is desirable that
phenols occur in Vernonia amygdalina leaves, as
phenols retard oxidative degradation of lipids, and
thereby improve the quality and nutritional value of
foods, especially when in storage. Worthy of note
also is the remark of Cowan (1999) that several
studies have demonstrated the antimicrobial
activity of phenols and /or phenolic extracts. In
fact, some authors (Ankit et al., 2010; Adama et
al., 2011) have earlier noted that Vernonia
amygdalina could act as a bittering agent and a hop
substitute  used for controlling  microbial
contamination in beer brewing. It would appear
therefore, that Vernonia amygdalina leaves
especially the sun dried and stored form could be
used as ingredients in certain food processing,
where amongst other functions, they can supply
natural antioxidants and perform antimicrobial
functions.

Value obtained for quantitative estimation
of total phenol in raw Vernonia amygdalina leaves
was 3.10+£0.94mg/g. The factors which influence
the composition of foods of plant origin include
genetic constitution, method of propagation,
growing conditions, age or maturity at the time of
harvest, as well as length and condition of storage
before use (Joslyn 1970; Yamaguchi and Wu,
1975). Additionally, Kumar et al. (2017) noted that
studies have shown that the nature and quantity of
phytochemicals differ according to the season and
geographical location. It would appear therefore,
that the reported value of total phenols contents of
samples of Vernonia amygdalina leaves used in the
study could have been influenced by several
factors.

It is discernable from results presented in
Table 1, that sun drying of Vernonia amygdalina
leaves led to increases in the total phenols contents
of the studied samples. Additionally, results further
indicate that storage of sun dried and grated
Vernonia amygdalina leaves in the open laboratory
under ambient conditions, fostered further
biosynthesis of phenols in samples stored in both
closed and opened containers. Also deducible from
results presented in Table 1, was that at the end of
the two months of storage, samples kept in the
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closed containers had higher concentrations of total
phenols, than the samples kept in the open
containers. It would appear therefore, that when
sun dried and grated Vernonia amygdalina leaves
are stored in closed containers, the conditions
therein promoted faster biosynthesis of total
phenols, than when samples are kept in opened
container and stored in the open laboratory.

Findings from this work have also shown
that the various studied water activity (aw) under
which sun dried and grated Vernonia amygdalina
leaves were stored, supported further biosynthesis
of phenols in the stored samples. It was
interestingly found that the highest increase in total
phenols content was recorded in the samples stored
at ay 0.23 (Table 1). Significantly, the trend of
results was such that with increasing aw, the level
of increases in total phenols decreased. Notably,
the increases in total phenols content were lowest
in the samples stored at the very high ay of 0.97.
What is discernable here is that the prevailing
conditions at the low a of 0.23, favoured more of
the series of reactions that led to increases in the
total phenols levels in the studied stored samples,
vis-a-vis the degradation reactions; far and above
the conditions at the higher ay of 0.52 and 0.97 also
studied in this work.

The observation as noted in this study, that
total phenols increased in value when sun dried and
grated Vernonia amygdalina leaves are stored, is
worthy of note; especially as sun drying of
Vernonia amygdalina leaves is the commonest
processing and/or preservation method. The
implication here is that handlers of Vernonia
amygdalina leaves should ensure that sun dried,
grated and stored form of it remain nutritionally
and therapeutically safe.

The reported storage increases in the
values of total phenols in the stored and studied
samples of sun dried and grated Vernonia
amygdalina leaves, can also be explained even if in
part, by considering the effects of the mechanical
disintegration of the cell walls of the samples,
following the grating operation. According to
Ukhun (1984) in milled cowpea flour, physical
attributes such as large surface area, high degree of
porosity, enzyme decompartimentalization
following milling and the milling operation which
is a form of stress, promoted chemical responses.
Thus, it could also mean that in the studied
samples, grating of sun dried Vernonia amygdalina
leaves prior to storing, fostered a wide array of
chemical reactions, such as histological
disintegration, and enhanced enzyme
decompartmentalization usually related to grating
operations. These events would have positively
influenced the production and accumulation of
phenols, in the stored samples.
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Results of determinations of percentage
antioxidant activities of raw, sun dried, grated and
stored Vernonia amygdalina leaves extracts are
presented in Table 2.

Findings from Table 2 indicate that the
percentage antioxidant activity for Vernonia
amygdalina leaves extract was 96.31+2.05%.
According to Erasto et al. (2007) the leaves extract
of Vernonia amygdalina scavenged 75-99.3%
DPPH. The results obtained in this study, is
consistent with their findings, as it is within the
range reported by Erasto et al. (2007). The
prevailing conditions with respect to whether the
conditions are favourable or not, will to a large
extent, determine the availability of the different
species of antioxidants found in a particular plant.
It is suggested therefore, that the reported
percentage antioxidant activities of the examined
Vernonia amygdalina leaves samples be viewed
from this perspective. In this work, the reported
antioxidant activity of Vernonia amygdalina leaves
extracts is considered high. Significantly, the
obtained percentage antioxidant activity of
Vernonia amygdalina leaves extracts
(96.31+2.05%) at the concentration of 0.25mg/ml,
is higher than those of the standards (ascorbic and
gallic acids) at the same concentration of
0.25mg/ml, in the DPPH free radical scavenging
activity test. Therefore, the antioxidant property of
Vernonia amygdalina leaves could be exploited as
antioxidants source for industrial applications.

In Vernonia amygdalina,extracts, lgile et
al. (1994);  Ayoola et al. (2008); Farombi and
Owoeye (2011) posited that the occurrence of
flavonoids in them s responsible for their
antioxidant property. Antioxidant factors in plants
are numerous. Significantly, Alara et al. (2017)
noted that in vivo biochemical analysis of Vernonia
amygdalina leaf extracts on \rats showed an
appreciable increase in the level of the
antioxidants: superoxide, dismutase,, catalase,,
glutathione and malondialdehyde. The combined
presence of different antioxidants in plants would
have synergistic effect in their actions. Thus, it
could mean that synergism contributed to the
overall percentage antioxidant activity of Vernonia
amygdalina leaves which led to the high percentage
antioxidant activity value obtained for Vernonia
amygdalina leaves in this work. It is important that
Vernonia amygdalina leaves possessed
antioxidants activities, as Vernonia amygdalina
leaves could be source of natural antioxidants to
consumers and thus, help to maintain the body’s
antioxidants composition.
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Table 1: Total Phenol Contents of Raw, Sun Dried, Grated and Stored Vernonia amygdalina Leaves Samples
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SIN | Parameter Raw Sun  dried | Stored samples
(fresh) and - pre- Storage conditions/time (months)
sample stored
sample a,0.97 a,0.52 a,0.23 Open Laboratory
Covered container Opened container
2- 1- 2- 1- 2- 1- 2-months 1-month 2-months | 1-month
months | month months | month months | month
1 Phenols 3.10+0.94 | 3.82+0.62 937+ |4114% 1243+ | 6.82+ 1746+ | 10.39+ | 10.25 % 459 + 418+ 3.99+
(mg/g) 1.40 0.58 1.71 1.20 3.18 2.14 1.81 0.16 1.10 0.72

Table 2: Percentage Antioxidant Activity of Raw, Sun Dried, Grated and Stored Vernonia amygdalina (Bitter) Leaves Extracts

SIN Storage Condition / Sample Description Total antioxidant capacity (%) / Time (months)
Pre-storage 1-month 2-months

1 a 023 95.91 + 3.62 88.23+2.18 81.17 + 1.69
w , stored sample extract (0.25mg/ml)

2 a 052 95.91 + 3.62 85.36 + 1.90 75.97 + 2.06
w , stored sample extract (0.25mg/ml)

3 a, 0.97 95.91 + 3.62 81.52 +0.84 69.29 + 1.25
w , Stored sample extract (0.25mg/ml)

4 Open Laboratory (covered contamer), stored sample extract (0.25mg/ml) 95.91 + 3.62 83.44 +1.64 80.94 + 3.19

5 Open laboratory (uncovered container) , stored sample extract (0.25mg/ml) 95.91 + 3.62 77.69 +2.10 62.93 + 0.55

6 Sun dried pre-stored sample extract (0.25mg/ml) 95.91 + 3.62 ND ND

7 Raw sample extract (0.25mg/ml) 96.31 + 2.05 ND ND

8 Ascorbic acid (0.25mg/ml) 93.61 +4.15 93.41 +2.95 92.17 +1.55

9 Gallic Acid (0.25mg/ml) 91.74 + 1.88 91.68 + 0.74 90.25+1.02

ND = Not Determined
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It is also deducible from results, that sun
drying, grating and storage of Vernonia
amygdalina leaves, led to reduction in their
percentage antioxidant activity values. With respect
to the effects of sun drying operation on Vernonia
amygdalina leaves, possibly, some antioxidant
species in this plant are photo-sensitive and were
therefore adversely affected by sun drying.
Additionally, it could also mean that some
degradation reactions aided or even initiated by
light, occurred during the sun drying of Vernonia
amygdalina leaves. Apparently, these effects
cumulatively, would lead to reduction in the
percentage antioxidant activity of sun dried
Vernonia amygdalina leaves. With respect to
grating obviously, grating would create greater
surface area for reactions to take place. Apparently,
if the overall consequences of these reactions are
degradative in nature, then grating of the sun dried
Vernonia amygdalina leaves prior to storage should
foster loss in some of the grated Vernonia
amygdalina leaves constituents. It is pertinent to
mention also, that the collapse of cell walls
following grating, would promote contact between
certain exogenous enzymes and some protected
substances. Clearly, this could lead to enzymatic
transformation of the protected substances into
other forms; which subsequently, and probably, led
to certain changes in their biological activities.
Significantly, the contact of ascorbic acid with
ascorbic acid oxidase will foster oxidation of
ascorbic acid into substances with little or no
reducing properties, for which ascorbic acid is
known for. Instructively, ascorbic acid is one of the
most powerful antioxidants provided by nature.

Also discernible from results is that in sun
dried, grated and stored Vernonia amygdalina
leaves samples, progressive storage losses with
time, occurred in their percentage antioxidant
activity values. This was observed in all the
samples stored at the various storage conditions. It
was further noted that the magnitude of reduced
retention of antioxidant activity, varied with
storage conditions. Significantly, with respect to
samples stored in the open laboratory under
ambient conditions, results indicate that those
stored in opened containers suffered greater loss in
antioxidant activity, compared to samples stored in
closed containers. What is anticipated here is that
continuous contact of the stored samples with
atmospheric  factors including oxygen and
moisture, fostered greater loss in antioxidant
activities of the sun dried, grated and stored
Vernonia amygdalina leaves. This could mean that
the loss in antioxidant activities of the stored
samples proceeded via some oxidative and
hydrolytic degradation processes.

Results from the portion of work on water
activity studies with antioxidant activity of stored
sun dried and grated Vernonia amygdalina leaves
indicate that progressive antioxidant losses
occurred with time; and the losses occurred more at
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the higher aw. Several factors could have been
responsible for this. Significantly, at the higher aw
increased amount of available water could foster
solubilisation of water soluble antioxidant entities,
with a subsequent increase in their rate of
destruction. In stored cassava and garri, Ukhun and
Dibie (1991) posited that increased levels of
available water could have promoted increased
oxygen dissolution in food materials, leading to
increased oxidative loss of ascorbic acid. Thus, it
would appear that increased oxygen dissolution
particularly at the elevated aw, fostered increase in
oxidation reactions, which probably led to
increased  antioxidant  species losses. The
breakdown of crystalline regions of the samples
following increase in levels of available water,
should promote oxygen diffusion into them and
would consequently, result in increased antioxidant
species degrading reactions. According to Labuza
(1972) elevated ay may act to lower the activation
energy for ascorbic acid destruction. Thus, it could
also mean that for the stored samples, especially at
the elevated aw, lowering of the activation energy

for wvarious antioxidant species destructions
occurred.
CONCLUSION

Findings from this work have shown that
Vernonia amygdalina leaves contain phenols and
also exhibited antioxidant activities. Additionally,
results indicated that the processing and storage
conditions investigated led to increases in total
phenols levels. On the other hand, the processing
and storage conditions investigated led to decrease
in total antioxidant activities. Therefore, while the
processing methods and storage conditions studied
in this work could be used to enhanced total
phenols levels in Vernonia amygdalina leaves, the
same cannot be said with respect to antioxidant
activities. Significantly, what this means is that in
addition to phenols, Vernonia amygdalina leaves
contain some other constituents with antioxidant
activities, some of which however, were adversely
affected by the processing methods and storage
conditions studied in this work.

REFERENCES

Acker, L.W. (1969). Water Activity and Enzymes
Activity. Food Technol. 23(10): 1257 —
1270.

Adama, K. K., Oberafo, A. A., and Dika, S. (2011).
Bitter Leaf as Local Substitute for Hops in
the Nigerian brewing industry. Scholars
Research Library, 3(4): 388-397.

Alara, O. R., Abdurahman, N. H., Mudalip, S. K.
A., and Olalere, O. A. (2017).
Phytochemical and  Pharmacological
Properties of Vernonia amygdalina: A
Review: Journal of Chemical Engineering
and Industrial Biotechnology, 2: 80-96.



CSJ 15(2): December, 2024
Ali, M., Diso, S. U., Waiya, S. A.m and Abdallah,
M. S. (2019). Phytochemical Screening
and Antibacterial Activity of Bitter Leaf

(Vernonia  amygdalina).  Annal  of
Microbiology and Infectious Diseases,
2(4): 01-07.

Ankit, S., Chetan, S. K. R., and Aneya, R. P.
(2010). Bitter Leaf as Local Substitute for
Hops in the Nigerian Brewing Industry.
Pharmacia, 2(2): 208-220.

Ayoola, G., Coker, H., Adesegun, S., Adepoju-
Bello, A., Obaweya, K., Ezennia, E. and
Atangbayila, T. (2008). Phytochemical
Screening and Antioxidant Activities of
Some Selected Medicinal Plants Used for
Malaria Therapy in Southwestern Nigeria.
Tropical Journal of Pharmaceutical
Research, 7(3): 1019-1024.

Belitz, H. D., Grosch, W., and Schieberte, P.
(2009). Food Chemistry (4" Revised and
Extended Edition). Springer — Verlag. 8 —
789.

Coultate, T. P. (2002). Food The Chemistry of Its

Components  (fourth  Edition) Royal

Society of Chemistry Publication. 400-

4001.

M.M. (1999). Plant Products as
Antimicrobial Agents. Clin. Microbiol.
Rev.. 12: 564 — 582.

Dibie, E. N. and Ukhun, M. E. (2019). Amino
Acids Profile Studies With Fresh, Sun
Dried, Grated and Stored Aframomum
sceptim Seeds and Influence of Water
Activity (aw). Technical Transactions of
Materials Science and Technology Society
of Nigeria. 2: 57-63

Dibie, E. N. and Ukhun, M. E. (2019). Reducing
Sugar Contents of Selected  Foods Flour
& Garri Marketed in Nigeria and
Influence of Water Activity (aw). FUOYE
Journal of Pure and Applied Sciences.
4(1): 50-56.

Dibie, E. N. and Ukhun, M. E. (2019). Moisture
Content and pH Studies Using Crude
starch Extracts of Sorghum bicolor and
Those of Zea mays Species Obtained
From Some Markets in Benin City and
Influence of Storage. Nigerian Journal of
Applied Science. 37: 99-111.

Dibie, E. N. and Ukhun, M. E. (2020). Effect of
Storage on Selected Physico-Chemical
Properties and Fatty Acid Profile of
Aframomum sceptim Seeds Oil. Technical
Transactions of Materials Science and
Technology Society of Nigeria. 3: 1-10.

Dibie, E. N. and Ukhun, M. E. (2020). Effect of
Storage on Selected Physico-Chemical
Properties and Fatty Acid Profile of
Aframomum sceptim Seeds Qil. Technical
Transactions of Materials Science and
Technology Society of Nigeria. 3: 1-10.

Cowan,

ISSN: 2276 — 707X, elSSN: 2384 — 6208

153

Edward and Dibie

Edo, G. I, Samuel, P. O., Jikah, A. N,
Onoharigho, F. O., Idu, L. I., Obasohan,
P., Opiti, A. R., Electric, J., Ikpekoro, V.
0., Otunuya, C. F., Ugbuwe, E., Ongulu,
J., ljide, M., Nwaose, | D., Ajakaye, S. R.,
and Owigho, J. E. (2023). Biological and
Bioactive Compounds of Bitter Leaf
(Vernonia amygdalina leaf): Insight on
Health and Nutritional Benefits. A
Review. Food Chemistry Advances.
3(2023) 100488. 1-7

Eichner, K., and Karel, M. (1972). The Influence of
Water Content and Water Activity on the
Sugar — Amino Browning Reaction in

Model Systems Under  Various
Conditions. J. Agric. Food Chem. 20(2):
218 —223.

Erasto, P., Grierson, D. S., and Afolayan, A. J.
(2007). Evaluation of Antioxidant Activity
and the Fatty Acid Profile of the Leaves of

Vernonia amygdalina Growing in South

Africa. Food Chemistry, 104: 63-642.

E. O. and Owoeye, O. (2011).
Antioxidant and Chemopreventive
Properties of Vernonia amygdalina and
Garcinia  biflavonoid. International
Journal of Environmental Research and
Public Health. 8: 2533-2555.

Hollman, P.C.W. (2001). Evidence for Health
Benefits of Plant Phenol: Local or
Systemic Effect. Journal of the Science of
Food and Agriculture. 81: 842 — 845.

Ibrahim, T. A, Lola, A., Adetyi, F. O., and Jude-
Ojei, B. (2009). Assessment of the
Antibacterial ~ Activity of Vernonia
amygdalina and Ocimum gratissimum
Leaves on Selected Food Borne
Pathogens. Electron J. Environ. Agric.
Food Chem., 8(11): 1213-7.

Igile, G. O., Wieslaw, O., Jurysta, M., Stanislaw,
B. and Fasanmade, A. (1994). Flavonoids
From Vernonia amygdalina and their
antioxidant activities. Journal of Agric.
and Food Chemistry, 42: 2445-2448

Igile, G., Olenszek, W., Jurzysta, M., Aquino, R.,

de Tommasi, N, and Pizza, C. (1995).

Vemoniosides D and E, Two Novel

Saponins From Vernonia amygdalina. J.

Nat. Product, 58(9): 1438-43.

A., Sanusi, S. B., Linatoc, A. C,

Mainassara, M. M., and Awawu, J. J.

(2018). Phytochemical Analysis and

Antimicrobial Activity of Bitter Leaf

(Vernonia amygdalina leaf) Collected

From Lapai, Niger State, Nigeria on Some

Selected Pathogenic  Microorganisms.

Science World Journal, 13(3): 15-18.

Farombi,

Inusa,



CSJ 15(2): December, 2024

Jarmai, A. H., Sheikh, A. H., Onyiche, T. E.,
Yunus, H., Aji, M. A., and Umar, S. M.
(2022).  Antimicrobial ~ Activity and
Phytochemical Screening of Methanolic
Leaf Extract of Vernonia amygdalina.
South Asian Journal of Research in
Microbiology, 14(1-2): 23-35.

Joslyn, A.M. (1970). Methods in Food Analysis:
Physical, Chemical and Instrumental
Methods of Analysis (2" ed.). Academic
Press. New York. 24 — 402.

Kiguba, R., Ononge, S., Karamagi, C., Bird, S. M.
(2016). Herbal Medicine Use and Linked
Suspected Adverse Drug Reactions in a
Prospective Cohort of Ugandan Inpatients.
BMC Complement Alternative Medicinal,
16: 145-150.

Kokwaro, J. O. (2009). Medicinal Plants of East
Africa 3" ed. Nairobi, Kenya; University
of Nairobi Press.

Kujala, T. S., Loponen, J. M., Klika, K. D. and
Phihlaja, K. (2000). Phenolics and
Betacyanins in Red Beetroot (Beta
vulgarias) Root: Distribution and Effect of
Cold Storage on the Content of Total

Phenolics and Three Individual
Compounds. J. Agric. Food Chem. 48:
5342 — 5388.

Kumar, S., Yadav, A., Yadav, M., and Yadav, J. P.
(2017). Effect of Climate Change on
Phytochemical Diversity, Total Phenolic
Content and in Vitro Antioxidant Activity
of Aloe vera (L.) Burm. F. BMC Research
Notes, 10(1): 60.

T. P. (1972). Processing and Storage
Effects on Nutrients in Dehydrated Foods.
Crit. Rev. Food Technical 3: 217 — 221.
T.P., Tannenbaum, S.R., and Karel, M.
(1970).Water Content and Stability of
Low-Moisture and Intermediate -
Moisture Foods. Food Technol. 24(5):
543-550.

Lajollo, F.S., Tannenbaum, S.R. and Labuza, T.P.

Labuza,

Labuza,

(1971).Reaction at Limited Water
Concentration. 2. Chlorophyll
Degradation. J. Food Sci. 36(6): 850 —
853.

Liyana-Pathiranan, C. M., and Shahidi, F. (2005).
Antioxidant Activity of Commercial Soft
and Hard Wheat (Triticum aestivum L.) as
Affected by Gastric pH Conditions. J.
Agric. Food Chem. 53: 2433 — 2440.

Luo, X., Jiang, Y., Fronezak, F. R., Lin, c.,
Izevbigie, E. B., Lee, S., and Lee, K. S.
(2017). Isolation and Structure
Determination of a Sesquiterpene Lactone.
(Vernodalinol) from Vernonia amygdalina
Extracts. Pharmaceutical Biology, 49(5):
464-47.

ISSN: 2276 — 707X, elSSN: 2384 — 6208

154

Edward and Dibie

Njan, A. A. B., Adzu, A. G., Agaba, D.
Byarugaba, S., Diaz-Llera, D. R., and
Bangsberg, U. (2008). The Analgesic and
Antiplasmodial Activities and Toxicology
of Vernonia amygdalina.  J. Med. Food,
11: 574-581.

Okunlola, G. 0., Jimoh, M. A., Olatunji, O. A.,
Rufai, A. B., and Omidiran, A. O. (2019).
Proximate Analysis, Mineral Composition
and Antioxidant Properties of Bitter Leaf
and Scent Leaf. Int. J. Veg. Sci., 25(4):
346-54.

Ojimelukwe, P. C., and Amaechi, N. (2019).
Composition of Vernonia amygdalina and
its Potential Health Benefits. Int. J.
Environ. Agric Biotechnology, 4(6): 1836-
49.

Pamplona — Roger, D. G. (2005). Encyclopedia of
Foods and Their Healing Power. Hang
Tai Printing Co. Ltd Vols 1,2 & 3.

Rockland, L. B. (1960). Saturated Salt Solutions
for Static Control of Relative Humidity
Between 5 and 40°C. Anal. Chem. 32:
1375-1376.

Schoebel, T., Tannenbaum, S.R., and Labuza, T.P.
(1969). Reaction at Limited Water
Concentration. 1. Sucrose Hydrolysis. J.
Food Sci. 34(4): 324 — 329.

Sharafati-Chaleshtori, R., Sharafati-Chaleshtori, F.,
and Rafieian, M. (2011). Biological
Characterization of Iranian Walnut
(Juglans regia) Leaves. Turk. J. Bio.35:
635 —639.

Solihab, M.A., Wan Rosli, W. A., and Nurhanan,
A.R. (2012). Phytochemical Screening
and Total Phenolic Content of Malaysian
Zea mays. Hair Extracts. International
Food Research Journal. 19(4): 1533 —
1538.

Sunmonu, B. A., Akinsola, A. O., Olaniyan, S.,
Akinfolarin, O. A. Oyeleye, B. R. (2022).
Evaluation of Phytochemical in Some
Selected Plant Extract Bitter Leaf
(Vernonia amygdalina), Lima (Citrus
aurantifolia) and Lemon (Citrus limon).
Researcher, 14(7): 14-23.

Udochukwu, U., Omeje, F. I., Uloma, I. S., and
Oseiwe, F. D. (2015). Phytochemical
Analysis of Vernonia amygdalina and
Ocimum gratissimum Extracts and Their
Antibacterial Activity on Some Drug
Resistant Bacteria. Am. J. Res. Commun.
3(5): 225-35.

Ukhun, M. E. (1984). Cowpea (Vigna unguiculata)
Flour Protein: Quality Changes in Storage.
Nutritional Reports International. 30(4):
933 —942.

Ukhun, M. E. (1984). Fatty Acid Composition and
Oxidation of Cowpea (Vigna unguiculata)
Flour Lipid. Food Chemistry. 14: 35 — 43.



CSJ 15(2): December, 2024

Ukhun,

M. E. (1986). Effect of Storage and
Processing on the Nutritive Value of
Certain Nigerian Foods. Experientia 42:
948 - 950.

Ukhun, M. E., and Dibie, E. N. (1989). Cyanide

Ukhun,

Ukhun,

Content of Cassava Mash and Gari Flour
and Influence of Water Activity ((w)
During storage. Bull. Environ. Contam.
Toxicol. 42: 548 — 552.

M. E., and Dibie, E. N. (1991). The
Ascorbic Acid Contents of Selected
Marketed Foods and Influence of Water
Activity (a w) During Storage. Food
Chemistry. 41: 277 — 283.

M. E., and Uwatse, G. M. (1988).
Nutritional ~ Evaluation of  Selected
Nigerian Rubber Seed Products — a
Chemical Approach.Plant Foods for
Human Nutrition. 38: 309 - 318.

ISSN: 2276 — 707X, elSSN: 2384 — 6208
Wattenberg, L.W.

155

Yamaguchi, M.,

Edward and Dibie
(1992).  Inhibition  of
Carcinogenesis by  Minor  Dietary
Constituents. Cancer Research. 52: 2085S
—2081S.
and Wu, C.M. (1975).
Composition and Nutritive Value of
Vegetables for Processing. Commercial
Vegetable Processing (Luh and Woodroof
Edition). The Avi Publishing Company,
Inc; Connectient. 639 — 693.

Yeap, S. K., Ho, W. Y., Beh, B. K,, Liang, W. S.,

Ky, H., Hadi, A., and Alitheen, N. B.
(2010).  Vernonia  amygdalina, an
Ethnomedical Used Green Vegetable with
Multiple  Bio-activities, Journal  of
Medicinal Plants Research, 4(25): 2787-
2812.



